Introduction
The seismic hazard and risk associated with potential sites of engineering structures (such as dams and power stations) are derived from a seismotectonic model for the region. Terrier et al. (2000) To date there is no published seismotectonic model for South Africa.
General procedures for regional seismotectonic mapping for engineering purposes are described by Gonzalez and Skipp (1980) . Furthermore, no standard procedure has been established by the scientific community to produce a seismotectonic model. Different researchers have used different parameters to perform seismotectonic investigations. This could be due to the wide variety of geological settings, basic assumptions and philosophical approaches (e.g., Gasperini et al. (1998) defined seismotectonic units from historical felt-earthquake reports for the central and southern Apennines in Italy. Mohanty and Walling (2008) used a GIS 3-2 platform for seismic microzonation of Haldia in the Bengal Basin (India), Meletti et al. (2000) used GIS to cross-correlate several datasets to construct a seismotectonic model for Italy. Hicks et al. (2000) studied seismotectonic zonation using detailed seismic monitoring data and fault planes solutions for Norway.)
As a first step towards the creation of a seismotectonic model for South Africa, Singh et al. (2009) compiled a multidisciplinary geoscientific database. They identified many useful data sets, but found that further seismic monitoring, geological mapping and integrated analysis was required to build an entirely data-driven seismotectonic model. The Noting these shortcomings, an attempt is made here to build a first order regional seismotectonic model using the available information.
Of the many methodologies implemented elsewhere in the world, the one of Terrier et al. (2000) used in France was found to be most appropriate for South Africa, as it allowed one to use an integrated approach by using all available information in a series of logical steps.
The seismotectonic model derived for stable continental regions often does not explain all the observed earthquake activity. This is because 3-3 structures may exist without recognized surface or subsurface manifestations, and, in some cases, fault displacements may have long recurrence intervals with respect to seismological observation periods.
Although attempts should be made to define all the parameters of each element in a seismotectonic model, the construction of the model should be data-driven, and any tendency to interpret data only in a manner that supports some preconception should be avoided (IAEA, 2002, p. 10, paragraph 4.3) . One of the main advantages of the methodology used for France (Terrier et al. 2000) is that it is a structured approach and is highly data-driven.
Methodology
The methodology for the seismotectonic analysis as presented by Terrier Note that in our study an additional stage was added, (data quality assessment) when compared to the methodology proposed by Terrier et al. (2000) because of the shortcomings of the data noted in the introduction to this chapter. The flowchart summarising the proposed methodology is shown in Figure 1 . This framework is essential to this analysis. The South African data was then used intuitively for the analysis.
STAGE 1: Collection and selection of base data
The data sets collected for this stage include: a) A comprehensive earthquake catalogue of historical and instrumental events from the Seismology Unit, Council for Geoscience (CGS), 3-4 b) Isoseismal maps for the country since 1932 (Singh and Hattingh 2008) , c) Regional geological maps, d) Magnetic and gravimetric data (Geophysics Unit, CGS), e) Map of the depth to Moho (Nguuri et al., 2001) , f) Tectospheric structure , g) Topographic data, and h) Stress data (World Stress Map (WSM) database; Reinecker et al., 2004; Bird et al., 2006) . These data sets are described in detail by Singh et al. (2009) . Shortcomings in the data sets have been noted in the introduction to this chapter.
The data sets compiled in Stage 1 are used to define structural and neotectonic domains, and seismic zones. In Stage 2 the usefulness, importance and completeness of each data set is assessed.
Structural domains are regions that display homogeneous mechanical behavior and contain major faults or structures. Neotectonic domains are regions characterized by recent or contemporary tectonic activity. Seismic zones (or concentrations of earthquake foci (CEF)) are identified by known historical and instrumental earthquake clusters.
STAGE 2: Assessment of data quality and usefulness
Firstly, the usefulness of various data sets for the definition of structural domains is described, together with a qualitative assessment by the author of the importance and completeness of each dataset (Table 1) .
Similarly, the usefulness of various data sets for the definition of neotectonic domains and seismic zones is assessed (Tables 2 and 3, respectively). The neotectonic information generally falls into two categories: descriptions of large well-studied faults, and ad-hoc accounts of reactivated features.
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STAGE 3 Data Assimilation, Interpretation and Construction of Schema
A structured approach is followed in creating the seismotectonic schema which is a schematic plan consisting of a combination of structural and neotectonic domains, and seismic zones. Specific data sets contributing to each classification are highlighted in Tables 1, 2 and 3. From this stage onwards, some interpretation is required. Hence interpretations vary depending on the experience and background knowledge of the analyst.
Structural domains
Here we seek to integrate various data sets to define structural domains 
Topography and Drainage
Generally the country can be divided into two basic drainage systems: the Orange River as one system, and all the other rivers comprising the other.
These two systems are divided by the Great Escarpment. The Orange River drains from the interior of the country to the west. All the other rivers drain from the coastal side of the escarpment to the ocean in western, southern and eastern directions. In the north, the tributaries of the Limpopo/Olifants River form a watershed on the Witwatersrand. It is worth noting that regional seismicity, to a large extent, correlates well with the location of the Great Escarpment. This is evident in the northwest, along the Lesotho mountain ranges, and the northeast. Some of the largest earthquakes for which macroseismic data are available occurred along this escarpment.
Discussion
Based on the above datasets, clearly, the pre-Karoo geological provinces form the main structural domains of the country. The other prominent structure is the Great Escarpment.
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Concentrations of Earthquake Foci (CEF)
Eighteen earthquake clusters were intuitively identified (Figure 4 , refer to Table 6 for names of clusters and brief description of possible source).
The best known clusters are described in Singh et al. (2009) . Along the east coast, at least 10 isoseismal maps collected in Singh and Hattingh (2008) clearly show a high density of large magnitude earthquakes in these regions, hence linear clusters 4, 5, 15 and 14 were created.
Neotectonic domains
Classification
Neotectonic faults (F) were classified (see Table 4 ) using a scheme similar to Terrier et al. (2000) :
AF are seismogenic faults with a strong correlation with seismic epicenters. Neotectonic and seismogenic regions (N) were also classified (see Table   5 ) using a scheme similar to Terrier et al. (2000) :
• AN are seismogenic and neotectonic regions that have a strong correlation with seismic epicenters.
• BN are neotectonic regions with possible associated seismicity as seismic epicenters are known in the regions, but the precision of the locations does not guarantee a reliable link
• CN are neotectonic regions without known seismicity, but with indicators of recent tectonic activity.
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The classified neotectonic faults and regions were digitised ( Figure 6 ), and neotectonic domains defined (Figure 7) . Each neotectonic sub-domain delineates the fault/region and extends this region to about 50 km in all directions in order to include those earthquakes that are possibly mislocated.
Stress and Seismic Wave Anisotropy
Tectonic stress indicators are used to determine the tectonic stress orientation. A sparse dataset of such indicators is available for South Africa through the World Stress Map (WSM) database (Reinecker et al., 2004 ) and a database created by Bird et al. (2006) . Data points derived from earthquake focal mechanisms and in situ stress measurements (overcoring), geological fault-slip observations (GFS) and borehole breakout orientation (BO) were accumulated. A detailed description of the different methodologies used can be found in Zoback and Zoback (1991) and Sperner et al. (2003) . These data are plotted in Figure 5 , 
STAGE 4 Interpretation and Synthesis: Seismotectonic Zonation
Based on the knowledge gained from the analysis so far, as well as the data availability and applicability, it was decided that it was best to use the categories proposed by Davis (2002) for seismotectonic zonation. Note that although Terrier et al (2002) use similar labels to categorize the seismotectonic units, their definitions of the categories are much more rigorous. In our case the data set is incomplete in several aspects, therefore the more flexible definitions provided by Davis (2002) is more applicable.
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Three general types of seismotectonic units are defined by Davis (2002) Consideration was given to the schema obtained in stage 3 and polygons were created corresponding to major clusters of earthquake foci (CEF) and neotectonic domains (refer to Figure 7 and Figure 8 ). The large structural domains eventually made no contribution to the zonation because many of the neotectonic domains transect the structural domains.
Probably the outline of the Great Escarpment, to some extent, is intrinsically included. Only two seismogenic structures were delineated:
the reactivated region of the Kango Baviaanskloof Fault (KBF) and its linear extension towards the east. The main neotectonic domains form seismogenic systems. Clusters of Earthquake Foci with no association with large faults or neotectonic activity form the seismogenic domains. In Table 7 characteristics of the identified seismogenic structures and systems are summarized.
The Gutenberg-Richter frequency magnitude relations were assessed using seismicity within each zone (Figure 9 ). Where it is assumed that the number of earthquakes recorded within specified area and time interval can be described by the Gutenberg-Richter relation
where a is a constant, b refers to the slope of the line, m is the earthquake magnitude and N the cumulative number of earthquakes occurring annually within a magnitude interval < m, m +∆ m >, or the number of earthquakes equal or larger than m. The parameter a is the measure of 3-12 the level of seismicity, whereas the parameter b, which is typically close to 1, describes the ratio between small and large events.
The software package Zmap (Wiemer 2001 ) was used for this purpose (assuming the maximum curvature method to evaluate m min (the threshold of completeness of the sub-catalogue) and the maximum likelihood method to assess b). The parameters obtained for each zone are listed in This is a regional model and should not be used as such in seismic hazard investigations for industrial applications. In these cases all attempts should be made to complete the database by using a higher resolution.
Seismotectonic model development applying the methodology adopted here could be appropriate.
Following this study, an ongoing update of the geodatabase will be made.
Future research in this area can include statistical identification of seismic sources, seismic zonation using historical data, correlation of data using GIS techniques and appropriate spatial weighting of layers. A broader study in progress is the Seismotectonic Map of Africa (SeTMA) (Ingram 2008 ) which should add value to the understanding of seismotectonic zonation within the region. Table 4 and Table 5 for symbol meanings and full names of features 3-24 3-26 1.00 10.00 100.00 1000.00 10000.00 Figure 9 Plot of Gutenberg-Richter frequency magnitude relations for seismicity within each zone. Note that no solution could be obtained for zones 1, 3, 4, 6 and 19 due to insufficient seismicity data within each zone Table 5 above) CFB -Folded coastal delta sediments 5 CEF 4, 5, 14, 15, several events available with macroseismic information CSA (See details in Table 5 above)
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